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(54) Method to selectively fill recesses with conductive metal 

(57) Recesses in a semiconductor structure are 

selectively plated by providing electrical insulating layer 2 

over the semiconductor substrate and in the recesses j 

followed by forming a conductive barrier over the insu- 
lating layer; providing a plating seed layer over the bar- 
rier layer; depositing and patterning a photoresist layer 
over the plating seed layer; planarizing the insulated 
horizontal portions by removing the horizontal portions 
of the seed layer between the recesses; removing the 
photoresist remaining in the recesses; and then electro- 
plating the patterned seed layer with a conductive metal 
using the barrier layer to carry the current during the 
electroplating to thereby only plate on the seed layer. 

In an alternative process, a barrier film is deposited 
over recesses in an insulator. Then, relatively thick 
resists are lithographically defined on the field regions, 
on top of the barrier film over the recesses. A plating 
base or seedlayer is depodted, so as to be continuous 
on the horizontal regions of the recesses in the insula- 
tor, but discontinuous on their surround wall. The 
recesses are then plated using the barrier film without 
seedlayers at the periphery of the substrate wafers for 
electrical contact. After electroplating, the resist is 
removed by lift-off process and exposed barrier film is 
etched by RIE method or by CMP. 

Also provided is a semiconductor structure 
obtained by the above processes. 
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Description 
Technical Field 

[0001] The present invention is concerned with a proc- 
ess for fabricating metal wires in an integrated circuit 
More particularly, the present invention is concerned 
with using a highly conducting barrier film to conduct 
electrical current and selectively plate recesses such as 
troughs and vias in a substrate. In particular, the 
present invention provides methods for the fabrication of 
multilevel wiring for chip interconnections. This is 
achieved by selectively plating recesses in a semicon- 
ductor substrate with conductive metal such as copper 
or gold. Only the trenches and vias in the insulator ere 
plated. No plating occurs in the field regions above the 
recesses in the substrate. This selective deposition 
process reduces the subsequent polishing time for 
removing undesired plated metal overburden. Moreo- 
ver, the present invention minimizes the problem of 
"dishing" as well as minimizing the erosion of the dielec- 
tric layer adjacent to the isolated conductive features or 
regions. Moreover, the present invention is concerned 
with semiconductor structures and non-semiconductor 
structures prepared by the inventive processes of the 
present invention. 

Background of Invention 

[0002] Various techniques have been investigated and 
used for metallizing semiconductor chips. These meth- 
ods include the lift-off process, thru-mask methods, 
metal RIE and metal and insulator damascene and var- 
ious combinations of the above-methods. The lift-off 
and thru-mask methods are more valuable for large fea- 
tures, like those typically encountered in chip packag- 
ing. Unlike the lift-off and the thru-masK the metal RIE 
and damascene methods have been the process of 
choice for chip metallizations where the ground rules 
are typically below one micron. 
[0003] In the damascene process, metal film is depos- 
ited over the entire patterned substrate surfaces to fill 
trenches and vias. This is then followed by metal 
planarisation to remove metal overburden and isolate 
and define the wiring pattern. When metal deposition is 
by electroplating or by electroless process, the plating is 
preceded by the deposition of a plating base or seed- 
layer over the entire surface of the patterned wafer or 
substrate. Also, layers that may improve adhesion, and 
prevent conductor/insulator interactions or interdrffusion 
are deposited between the plating base or seedlayer 
and the insulator. 

[0004] In the metal RIE methods, blanket metal film is 
etched to define the conductor pattern. The gaps 
between the metal lines and vias are then filled with 
insulators. In high performance applications, the dielec- 
tric is planarised to define a flat metal level. One of the 
main advantages of the damascene process as com- 



pared to metal RIE is that it is often easier to etch an 
insulator as opposed to metal. Also, insulator gap fill 
and planarisation may be more problematic. 
[0005] In the metal damascene process, all the 

s recesses in the insulator are first filled with metal before 
metal polishing. However, during the metal deposition 
into trenches and vias, all the nanower features become 
filed before their wider counterparts. Thus, all features 
with widths less than 2 microns will be filled before 

10 those with widths greater than 5 microns. Hence, to fill 
trenches or test pads with widths of 50 microns, the 
smaller recesses typically with widths less than 5 
microns are over plated. During metal CMP. the addi- 
tional time needed to remove the excess metal overbur- 

is den on the overplated smaller features causes dishing 
on the larger features. Also, because of the prolonged 
polishing times, insulator adjacent may become 
severely eroded. Severe dishing and insulator erosion in 
large metal features is a source of yield loss, especially 

20 when the occur a* lower levels. Here they cause trapped 
metal defects at the next higher level. The ionger time 
needed to remove the thicker meta* overburden on the 
smallest metal lines and vias :s one ol the ivain culprits 
responsible for the low thrupui snri yisid losse* in the 

25 metal CMP process. 

[00CG] Moreover, this last metal wiring iev^ typically 
contains very wide metal lines for power bussing and 
large pads for wirebonds or C4 solder balls. !n the CMP 
process, these relatively large metal structures ?re *en- 

30 sitive to dishing because of the prolcn-prd polisning 
times. Accordingly, room exists for improving th^ metal 
deposition process. 

[0007] 11 is ar; object of the present Invention to pro- 
vide a technique which alleviates the above drswbadcs. 

35 [0003] According to the present invention we provide 
a method for selectively plating rec esses in a semicon- 
ductor substrate which comprises: providing s semicon- 
ductor substrate; providing at least one major surface 
thereof with recesses and providing electrical insulating 

40 layer over said at least one major surface and in said 
recesses; forming a conductive barrier over said insulat- 
ing layer; forming a plating seed layer over sai<i barrier 
layer; depositing and patterning a photoresist layer over 
said plating seed layer for p'anarizing the insulated hor 

45 izontal portions between recesses and fci protecting 
said plating seed layer within said seed layer during 
subsequent planarizing; then plansrizing said insulated 
horizontal portions by removing the horizontal portions 
of said seed layer between recesses; removinp the phc- 

50 toresist remaining in said recesses, and then electro- 
plating the patterned seed layer with a conductive metal 
using said barrier layer to carry the cunent during said 
electroplating to thereby only plate on said seed layer. 
[0009] Further according to t^e present invention wa 

55 provide a method for selectively plating recensss in s 
semiconductor substrate which comprises: arovidi.'ig s 
semiconductor substrate: providing a! luaM o?!e major 
surface thereof with recesses and providing electrical 
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insulating Isyer over said ai least one major surface and 
in said recesses; forming a conductive barrier over said 
insulating layer; depositing and patterning a photoresist 
layer over said barrier layer on field regions; depositing 
a seediayer wherein said seediayer is continuous on the 
horizontal regions of the recesses in the insulator, but 
discontinuous on their surrounding walls; exposing said 
barrier within the vicinity of the periphery of said major 
surface by edge bead removal of said seediayer; and 
then electroplating the patterned seed layer with a con- 
ductive metal using said barrier layer to carry the cur- 
rent during said electroplating to thereby only plate on 
said seed layer; removing said resist by a lift-off proc- 
ess; and removing exposed barrier. 
[001 0] Also according to the present invention we pro- 
vide a semiconductor structure comprising a semicon- 
ductor substrate; recesses located in at least one major 
suriaca cf aaid semiconductor substrate; electrical insu- 
lating layer ever said at least one major surface and in 
said recesses; a conductive barrier over said insulating 
layer; a plating seed layer located over said conductive 
barrier within said recesses only; and an electroplated 
csnckic&'t- metal in said ^cesses. 

Suisvsiary of invention 

[aorO \n particular, me present invention is con- 
cern eri with a method tor using a highly conducting ber- 
ries* iWra cud) as a:phti-Ta to carry current and 
3aiecti«/&iy r'aie recess at ui sernlccnciuciing and non- 
semicnnduMirig substiates. The method according to 
an embodiment ot the present invention comprises pro- 
viciii'ig n substrate, and providing at least one major 
irmuiaiing surface ot the substrate with recesses. A con- 
ductive benier film such as alph^-Ta or TaN/alpha-Ta 
\n\\}. re.s-iii/rty in the rantje. or 14 to 40 micro-ohm cm is 
termed ova: the insulating surface such, as by sputter- 
is Thus is rallowed by the deposition of a plating base 
cr seedi&yer over the barrier layer. A resist is deposited 
ovdr sha plating seediayer. The resist and seediayer are 
polish ad oft on all the field regions above the recesses, 
Gvpas ^f: tha harrier layer The resist remaining in the 
roc&sses is rernovod. The recesses in the suostraie are 
btecttupsateri with a highly conductive barrier film such 
as alpha-Ta to carry elect! icai current to the various iso- 
lated e;nd non-isolated seediayers in the recesses dur- 
ing th»3 aiectrodeposition process. Accordingly, plating 
ocrur? on trie seediayer in trie trenches and vias and 
not on cuts: putts cf ihe semiccncuctcr substrata. After 
eJacrcpraa: a brief teuch-up polish can be used, 
wttefi ctesir&d. to remove the small isolated copper over- 
burden ana ihe barrel film. In a separate embodiment, 
tru b^rritr film is seleciiveiy etched using CF 4 RIE 
(reactive ;o?; etching) processes 
[001 2] In another embodiment cf the invention, a bar- 
rier film svsM as alphn-Ta or TaNVaJpriH-Ta is deposited 
such as by sputtering uve; the recesses in the insulator. 
Then, relatively thick resists are lithographically defined 



on the field regions, on top of th barrier film over the 
recesses. A plating base or seediayer is deposited, so 
as to b continuous on the horizontal regions of the 
recesses in the insulator, but discontinuous on their sur- 

5 rounding walls. The recesses are then plated using the 
barrier film without seediayers at the periphery of the 
substrate wafers for electrical contact. Here, there is no 
resist at the periphery of the substrate because of edge 
bead removal step, and this barrier film at the edge is 

w also protected from seediayer deposition. After electro- 
plating, the resist is removed by lift-off process and 
exposed barrier film is etched by RIE method or by 
CMP. 

[001 3] A further aspect of the present invention is con- 

15 cerned with a semiconductor substrate that contains 
semiconductor or circuit structures located on at least 
one of its major surfaces. Electrical insulating layers 
with recesses are provided over the major surface. A 
conductive barrier layer is located over the insulating 

20 layer and a plating base or plating seediayer is located 
over the conductive barrier within the recesses only. An 
electroplated conductive metal is located in the 
recesses only or within the recesses and regions of the 
major surface immediate and adjacent to the recesses, 

25 and not on other portions of the substrate. 

[0014] Still other objects and advantages of the 
present invention will become readily apparent by those 
skilled in the art from the following detailed description, 
wherein it is shown and described only the preferred 

so embodiments of the invention, simply by way of illustra- 
tion of the best mode contemplated of carrying out the 
invention. 

Summary of Drawings 

35 

[001 5] Figs. 1 -7 are schematic diagrams showing the 
sequence of steps in accordance with the present 
invention. 

40 Best and Various Modes for Carrying Out Invention 

[0016] In accordance with the present invention, 
recesses 2 such as troughs and vias are provided on at 
least one major surface of a semiconductor substrate 

45 (not shown). Typical semiconductor substrates include 
silicon and group lll-V semiconductors. Electrical insu- 
lation 3 is provided over the major surface and in the 
recesses such as silicon dioxide which can be thermally 
grown or deposited such as by chemical vapour deposi- 

50 tion or physical vapour deposition. Typically, the insulat- 
ing layer is about 2000 to about 30,000 A thick, and 
more typically about 4000 to about 20.000 A thick. 
[0017] Next, a conductive barrier 4 is provided over 
the insulating layer. Preferably, a layer oUanialum 

55 nitride is first sputter deposited over the insul ting layer 
to a thickness of about 15 to about 500 A and more typ- 
ically to a thickness of about 50 to about 300 A to act as 
adhesion promoting layer between the insulating layer 
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and subsequently to be applied tantalum layer. Next a 
tantalum layer is preferably sputtered over the tantalum 
nitride. The tantalum layer is alpha-tantalum. Typically, 
the thickness of the tantalum layer is about 500 to about 
5000 A and more typically about 1000 to about 2000 A. 
Also, alpha-Ta (a-Ta) may be deposited directly over the 
insulator by sputtering methods. Typically, the thickness 
of the a-Ta is about 500 A to about 5000 A, and more 
typically about 1000 A to about 2000 A. Also, if desired, 
a layer of tantalum nitride can be deposited over the 
alpha-Ta layer. 

[0018] Next, a seed layer 6 is deposited over the bar- 
rier layer including on the walls and bottom of the 
recesses. The preferred seed layer is copper which can 
be deposited by sputtering or evaporation and prefera- 
bly by sputtering. The copper is sputtered employing 
temperatures of less than about 150°C. preferably less 
than about 100°C, such as about 100°C to about -10°C. 
The sputtering is preferably carried out in the absence 
of an anneal. This sputtering is typically carried out to 
provide a seed layer of about 1 00 A to about 2000 A and 
preferably about 400 to about 1000 A. Also, the copper 
seed layer can be deposited by CVD methods or by 
electroless plating method. 

[001 9] Next a resist 7 is deposited over the seed layer 
using conventional techniques. Any of the well known 
resist materials known in the art can be employed. The 
resist is typically applied by spinning on or by spraying. 
The resist employed can be any conventional resist or 
even a photoresist although in this embodiment the 
resist is not lithographically defined. An example of a 
type of resist material is based upon phenolic-formalde- 
hyde novolak polymers. A particular example of such is 
Shipley AZ-1350 which is a nvcresol formaldehyde 
novolak polymer composition. Such is a resist composi- 
tion and includes therein a diazo ketone such as 2- 
diazo-1 -naphthol-5-sidfonic acid ester. 
[0020] The resist 7 and the seed layer € are removed 
such as by chemical-mechanical polishing from the hor- 
izontal portions on the substrate between recesses 2 
(see Fig. 2). The resist and seed layer are typically 
removed by chemical-mechanical polishing such as 
employing an aqueous polishing slurry containing abra- 
sive particles such as colloidal silica. 
[0021] Next the remaining resist layer that protected 
the seed layer within the recesses from removal is 
removed such as by dissolving in a suitable solvent for 
the resist material. 

[0022] Conductive metal 8 such as copper is electro- 
plated in the recesses on the seed layer 6 (see Fig. 3). 
Other suitable conductive metals are gold, nickel, cobalt 
and lead-tin alloys. The barrier layer 5 acts as a cathode 
terminal carrying the current during the electroplating. 
The conductive metal does not plate on the barrier layer 
5 but instead preferentially plates on the seed layer. For 
instance, in the case of tantalum being the barrier layer 
5. a superficial xide layer (typically a monolayer) forms 
when 6uch is exposed to the electroplating solution. 



Moreover, H desired, a superficial oxide layer can be 
formed on the barrier layer upon contact with the elec- 
troplating solution by changing the current for a short 
time. e.g. about 5 seconds, to anodize the top layer of 

5 the barrier layer. The copper can be plated employing 
an acidic copper plating bath. The plating bath includes 
a source of cupric ions and an inorganic mineral acid 
such as sulphuric acid. The preferred source of cupric 
ions is CuS0 4 • 5H 2 0. Typical copper plating bath? 

10 contain the source of cupric ion in an amount of about 
10" 2 to about 0.5 molar. The inorganic acid is added to 
the plating bath in an amount such that -the ionic 
strength of the bath is typically from about 5 molar to 
about 9 molar, and more typically about 1.5 molar to 

15 about 2.5 molar. 

[0023] In addition, the bath can contain other additives 
such as brighten ers including chloride ions such as in 
amounts of about 30 to about 70 ppm and organic 
brightener additives such as polyalkylene glycols. The 

20 organic brighteners are usually added in amounts of 
about 0.5 to about 1 .25 percent by weight ol the plating 
bath. The preferred polyalkylene glycols include poly- 
ethylene glycol and polypropylene glycol. Tha more typ- 
ical polyethylene glycols and polypropylene glycols 

25 usually have molecular weights of about 400 to aboui 
1000, and more typically about 600 lo about 700. Fur- 
thermore, multicomponent organic additives can be 
employed such as those containing a poiyelKylene gly- 
col along with an organic sulphur-containing compound 

30 such as benzene sulfonic acid, safranine-type dyes and 
sulfo-organic aliphatic compounds including disulfides 
and/or nitrogen-containing compounds such as amides. 
Examples of amides include aciylamidt? arrj propyl 
amide. 

35 [0024] For Cu, in the plating process, the structure to 
be plated is contacted with tha piating bath, in addition, 
a soluble copper anods is olaced in contact with the 
plating bath and includes such materials a?, p'nospho- 
rised copper. The anode surface is gene* ally at ieass 

40 about 1.5 times the surface area oi the barrier layer 
which acts as a cathode terminal to carry current during 
the electroplating. The metai is olated on the seed layer 
at a current density of about 5 to about 50 rnilliamps 
(cm 2 ). The plating is usually carried out at aboui normal 

45 room temperature (e.g. about 24 fi C) to about so°C. 
[0025] The electroplating is continued untK the 
recesses are filled with the conductive metai. This usu- 
ally takes about 2 min. to about 10 min., more typically 
about 2VS min. to about 5 min. The thickness of the e!ec- 

50 troplate metal is typically about 4000 A to about 30.000 
A, and more typically about 6000 A to about 20,000 A. 
(0026] The conductive material 8 can then be chemi- 
cal ly-mechanica!ly polished to remove small amounts of 
metal above the surface of the recesses. Typical chem- 

55 ical-mechanical polishing slurries contain colloidal sil- 
ica. 

[0027] Next, the barrier layer 5 and plated metal is 
removed down to the insulating layer 3 (see Fig. 4). This 
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removes conductive material from the horizontal por- 
tions between the recesses. The material can be 
removad by chemical-mechanical polishing such as any 
of the slurries disclosed above. The seedlayer and 
plated metal layer merge together because of e.g. cop- s 
per recovery and grain growth at room temperature. 
[0C2S] The barrier film can also be removed from the 
major surface of the substrate by R!E using a method 
selective: to the plated copper such as CF 4 plasma (see 
FiQ.5). /< 
[0029] According to an alternative process according 
to the present invention, recesses 2 such as troughs 
and vias are provided on at least one major surface cf a 
semiconductor substrate (not shown). Electrical insula- 
tion 3 is provided over the major surface and in the r 
recesses such as silicon ciioxsde which can be thermally 
grown or deposited such £s by chemical vapour deposi- 
tion or physical vapour deposition. Typically, the insulat- 
ing layer is about 2000 to about 30,000 A thick, and 
more typically about 4000 to about 20,000 A thick. 2 
[0030] Next, a conductive barrier 4 is provided over 
the instating layer. Preferably, a layer of tantalum 
nitride is first sputter deposited over the insulating layer 
to fx thicitf .ess of about 15 to about 500 A and more typ- 
icaiiy tr, a thickness of about 60 io about 300 A to act as 2 
adncsicn promoting layer between the insulating layer 
and si:{>j^ i !9ntly to be applied tantalum layer. Next a 
teistei!u:*i layer is preferably sputtered ever tne tantalum 
nsiiitfs Vrii- tantalum layer is atoha-tantaiurn. Typically, 
ri";^ ;n;Y:ki\er-o of the Tantalum layer is afcout 500 to about : 
SGOu A more typically about 1000 to about 2000 A. 
AU-;i, ebrfm-Ta (a-Ta) may be deposited directly over the 
irxiiiiator fry sputtering methods. Typical!/ the thickness 
or i'Hh <v i a m -ibou? 500 A Io abo-.a 5000 A. and more 
tv^cal-y a"- "ut 1000 A to sboui 2000 A. i 
[iiCjl] M^x: a phctor&^st 7 is deposited over the b£.r- 
nei layer zrd then patterned using conventional litho- 
graphic techniques. Any of the weii known 
photosensitive resist materials known In the art can be 
fefipioye;! The resist is typically applied by spinning cn < 
or by spraying. The photoresist employed can be a pos- 
itive photoresist oi a negative photoresist. A positive 
plrO'oresiM ; s one which on exposure to imaging radia- 
tion, is capable of being rendered soluble in a solvent in 
which the unexposed resist is not soluble. A negative • 
resist material is one which is capable ot polymerizing 
and/or insoiuhlizing upon exposure to imaging radiation. 
An fexftttpb ot a type ot photoresist material is based 
uprwt p^snolic-formaldehyde novolaK polymers. A pr.r- 
iiculsr f2vaiv..pie of such is Shipley A2-135G wtiicn is a n> 
cresoi fbrirtafcJehyoe novolak polymer composition. 
Sues: is h positive resist composition and includes 
thsreij; rfH/o ketone such as 2-diazt)-1-nsphthol-5- 
£trkviic acd ester 

fC£22j Ti & photoresist is defined on the field regions 
r.-.r. a •:!,;? barrier fiirn over tius tecesses (see Fig. 6). 
Tha p!:0!Ch"53ist is relatively thick, typically about 1.5 io 
about z-y rniciiwie, and more typically about 1.5 to about 



10 microns. 

[0033] Next, a seed layer 6 Is deposited so as to be 
continuous on the horizontal regions of the recesses in 
the insulator, but discontinuous on their surrounding 

5 walls. 

[0034] The barrier film is exposed at the edge of the 
wafer by removing photoresist near the edge portion 
about up to 5 mm from the edge by dissolution in a suit- 
able solvent This technique is referred to as edge bead 
10 removal. The presence of a damp ring at the edges 
over the wafer prevents seed layer from depositing in 
the vicinity of the edge. Here, there is no resist at the 
periphery of the substrate because of this edge bead 
removal step, and the barrier film at the edge is also pro- 
75 tected from seedlayer deposition. 

[0035] Conductive metal 8 such as copper is electro- 
plated in the recesses or the seedlayer 6 (see Fig. 7). 
Other suitable metals are gold, nickel, cobalt and lead- 
tin alloys. The barrier layer 5 acts as a cathode terminal 
20 carrying the current during the electroplating. The cop- 
per can be plated employing an acidic copper plating 
bath. In the plating process, the structure to be plated is 
contacted with the plating bath. In addition, an anode is 
placed in contact with the plating bath and includes 
25 such materials as phosphorized copper. The anode sur- 
face is generally at least about 5 times the surface area 
of the barrier layer which acts as a cathode terminal to 
carry current during the electroplating. The metal is 
plated on the seed layer at a current density of about 5 
50 to about 50 milliamps/cm 2 . The plating is usually carried 
out at about normal room temperature (e.g. about 24°C) 
to about 60°C. 

[0036] The electroplating is continued until the 
recesses are filled with the conductive metal. This usu- 
35 ally takes about 2 min. to about 20 min., more typically 
about 2V6 min. to about 10 min. The thickness of the 
electroplate metal is typically about 4000 A to about 
30,000 A, and more typically about 6000 A to about 
20.000 A. After electroplating, the resist is removed by 
40 lift-off process and exposed barrier film is etched by RIE 
method or by CMP. 

[0037] The foregoing description of the invention illus- 
trates and describes the present invention. Additionally, 
the disclosure shows and describes only the preferred 
45 embodiments of the invention but, as mentioned above, 
it is to be understood that the invention is capable of use 
in various other combinations, modifications, and envi- 
ronments and is capable of changes or modifications 
within the scope of the inventive concept as expressed 
so herein, commensurate with the above teachings and/or 
the skill or knowledge of the relevant art The embodi- 
ments descrtoed hereinabove are further intended to 
explain best modes known of practising the invention 
and to enable others skilled in the art to utilize the inven- 
55 tion in such, or other, embodiments and with the various 
modifications required by the particular applications or 
uses of the invention. 
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1 . A method for selectively plating recesses in a sem- 
iconductor substrate which comprises: 

providing a semiconductor substrate; 
providing at least one major surface thereof 
with recesses and providing electrical insulat- 
ing layer over said at least one major surface 
and in said recesses; 

forming a conductive barrier over said insulat- 
ing layer; 

forming a plating seed layer over said barrier 
layer; 

depositing and patterning a photoresist layer 
over said plating seed layer for planarizing the 
insulated horizontal portions between recesses 
and for protecting said plating seed layer within 
said seed layer during subsequent planarizing; 
then planarizing said insulated horizontal por- 
tions by removing the horizontal portions of 
said seed layer between recesses; removing 
the photoresist remaining in said recesses; and 
then electroplating the patterned seed layer 
with a conductive metal using said barrier layer 
to carry the current during said electroplating to 
thereby only plate on said seed layer 

2. The method of claim 1 wherein said conductive bar- 
rier is provided by sputter depositing a layer of tan- 
talum nitride on said insulating layer and then 
sputter depositing a layer of tantalum on said tanta- 
lum nitride layer. 

3. The method of any preceding claim wherein said 
conductive barrier is alpha-tantalum. 

4. The method of claim 1 wherein said conductive bar- 
rier is provided by sputter depositing a layer of tan- 
talum on said insulating layer and then sputter 
depositing a layer of nitrides of tantalum on said 
tantalum layer. 

5. The method of claim 4 wherein said conductive bar- 
rier is provided by sputter depositing a layer of 
nitride of tantalum on said insulating layer and then 
6putter depositing a layer of tantalum on said tanta- 
lum nitride layer, such that the tantalum is in the 
alpha phase. 

6. The method of any preceding claim wherein the 
electroplating comprises electroplating copper. 

7. The method of claim 2 wherein said tantalum nitride 
layer is about 15 to about 500 A thick and said tan- 
talum layer is about 500 to about 5000 A thick. 

8. The method of claim 1 wherein said seed layer is 



9. The method of claim 8 wherein said copper is 
deposited by sputter coating, CVD or electroless 

s plating. 

10. The method of claim 8 wherein said copper layer is 
about 4000 A to about 20,000 A thick. 

io 11. The method of any preceding claim wherein said 
horizontal portions of said seed layer between 
recesses is removed by chemical-mechanical pol- 
ishing. 

is 12. The method of daim 1 wherein said conductive 
metal is copper. 

13. The method of any preceding claim which further 
comprises removing said conductive barrier from 

20 horizontal portions between said i acesrr.ss. 

14. The method of claim 13 wherein said conductive 
barrier is removed by reactive ion etching. 

25 15. A method for selectiveiy plating recesses ir, a sem- 
iconductor substrate which comprises: 



providing a semiconductor substrsl?: 
providing at least one major surfe.ce thereof 
with recesses and providing electrical insulat 
ing layer over said at least one major surface 
and in said recesses. 

forming a conti-jciiv? banier • *id insulat- 
ing layer; 

depositing and patterning a pholrcesfs' 'ayei 
over said barrier layer cn field regions; 
depositing a seedlayer wherein sai^ seediayer 
is continuous on the horizontal regions of the 
recesses in the insulator, but discontinuous on 
their surrounding walls , 

exposing said barier within the vicinity cf the 
periphery of said major surface by edge bead 
removal of said seedlayer; 
and then electroplating the patterned seed 
layer with a conductive metal using said barrier 
layer to cany the current durinu said electro- 
plating to thereby only p!ate on said seed layer: 
removing said resist 'oy a lift-off process; nnd 
removing exposed barrier. 



30 



35 



40 



45 



50 



16. The method of claim 15 wherein said conductive 
barrier is provided by sputter depos&f-s a layer of 
tantalum nitride on said ir.suiaiinn layer 3n d then 
sputter depositing a layer of tantalum cn said ranta- 

55 lum nitride layer. 

17. The method of claim 15 v. herein said conductive 
barrier is alpha-tantalum. 
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18. The method of claim 15 wherein the electroplating 
comprises electroplating copper. 

19. The method of claim 16 wherein said tantalum 
nitride layer is about 15 to about 500 A thick and s 
said tanialum layer is about 500 to about 5000 A 

thick 

20. The method of claim 15 wherein said conductive 
metal is copper. 10 

21. The method of claim 15 wherein said photoresist 
layer is; about 1.5 to about 50 A thick 

22. A semiconductor structure comprising s semicon- is 
cfucior substrate; recesses located in at least one 
frujtsr surface oi said semiconductor substrate; 
eteciiical insulating layer over said at least one 
major surface and in said recesses; a conductive 
barrier over said insulating layer; a plating seed so 
layer located over said conductive barrier within 
said recesses only; and an electroplated conduc- 
ts .metal in said recesses. 

23. The semiconductor structure of claim 22 wherein 25 
Sr.ld barrier comprises a layer of tantalum nitride 
ss^Me.-ii said insuiatitig layer and a layer of tania- 

Uj;c: shrive said tantalum nitride layer. 

2i. se.ruGoncrjciGr structure of ciaim 23 wherein so 
tantaium nitride iayer is about 15 to about 500 
k irsick and said tantalum layer is about 500 to 

Kp:5-<i 5G00 A iviick. 

25, Uu- semiconductor eiruciura ci claim 22 wherein ss 
tK?d sstrsd layer is copper 

£6. Ths semiconductor structure of claim 25 wherein 
c:or,p«r is sptriered copper 

iTi r^ft!cond:icisr srucUire of daim 25 or 26 
wiiBi-fci/i said copper \\i sbout 4000 to aoout 20,000 

Ativck. 

28. "fna semiconductor structure of claim 22 wherein as 
saici electroplated conductive metal is copper. 
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FIG. 5 
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